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i  Abstract 

i  / 

»  • 

Parametric  Interaction  of  longitudinal  and  transverse  waves  is 
studied  for  a  system  consisting  of  a  relativistic  electron  beam 
interpenetrating  a  molecular  medium.  The  analysts  suggests  new 
possibilities  for  free-elecron  generation  of  coherent  radiation. 


Plasmas  containing  molecules,  or  Ions,  for  which  the  Internal  level 
structure  offers  possibilities  of  radiative  transitions  between  discrete 
levels  have  attracted  some  recent  attention.'  Energy  coupl Ings  between 
plasma  fluctuations  and  molecular  excitations  are  of  particular  interest 
in  this  connection,  as  Inverted  populations  of  the  molecular  levels  may 
contribute  free  energy  to  the  system. 

An  Interesting  way  of  obtaining  resonance  between  the  plasma  waves 
and  the  molecular  transitions  Is  to  vary  the  velocity  of  a  relativistic 
electron  beam,  and  to  make  use  of  the  coupling  of  longitudinal  and 

O 

transverse  waves  by  a  wlggler,  or  a  strong  wave,  field.  Such  systems  may 
offer  advantages  of  enhanced  radiation  and  possibly  also  improvements  in 
the  coherence  properties. 

It  Is  the  purpose  of  the  present  short  paper  to  formulate  and 
interpret  the  dispersion  relation  that  governs  the  wave  Interactions  for  a 
system  consisting  of  a  relativistic  electron  beam  (density  velocity 
vzo'  which  penetrates  a  molecular  medium  (level  population  differences 

Nm1  “  i  ~  Nh1»  with  Nj j  and  denoting  the  populations  of  the  lower 
and  higher  levels'). 

A  constant  external  magnetic  field  Bzo  z  Is  directed  along  the 

electron  beam,  and  a  helical  magnetic  field  (constant  amplitude  B  , 

io 

frequency  w  ,  wave-number  k  z)  is  also  assumed  to  be  present  in  the 
00 

medium. 

Considering  density  perturbations  of  the  form  exp(-iu>t+ikz)  and 

electromagnetic  field  perturbations  exp[-l(<u?o>  )t+l(k?k  )z],  it  is 

o  o 

convenient  to  Introduce  the  wave  dispersion  constants 
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where  the  ±  signs  refer  to  right  and  left  hand  polarization  of  the 

tansverse  waves,  u>p  »  (NRe2/e0m)^2  is  the  beam  plasma  frequency,  e  is  the 

2  1/2 

electron  charge,  m  is  the  electron  rest  mass,  w  .  *  (N  e  /e  m.)  ,  m.  is 

ml  m  o  j  J 

the  effective  mass  of  the  i'th  hound  electron,  aice  *  eBzo/m,  wcmj  “ 

O 

eBZ0^mi»  “ri  a  molecular  resonance  frequency,  and  v  ^  is  an  effective 

2  2  -1/2 

damping  constant.  The  relativistic  factors  are  y  *  (1-v  /c  )  and 

ZO  zo 
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y  =  ( 1  — vf  /c  -v  /c  )  '  where  v,  Is  the  oscillatory  transverse 

o  lo  zo  lo 
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velocity  in  the  pump  field. 

The  presence  of  the  electromagnetic  pump  wave  introduces  a  coupling 

between  the  longitudinal  (e  -0)  and  transverse  (e  or  e  *0)  modes. 

z  +  - 

Straightforward  calculations,  using  a  hydroraagnetic  description  for  the 
relativistic  electron  beam  and  a  Lorentz  model  for  the  molecular  medium, 
lead  to  an  algebraically  very  complicated  dispersion  relation,  cf.  ,  which 
could,  however,  be  given  a  comparatively  simple  form  for  ®zo*0»  Vj”0  ®nd 
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(o  «u>  ,  as  some  nonlinear  terms  in  the  Lorentz  model  are  negligible  in 
o  r 

this  frequency  range.  We  then  obtain  the  following  dispersion  relation. 
cf.2’3’4 

eze+e-  =  '  IBio(A+e-+A-e+)F 

where  the  coupling  coefficients  are 
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Higher  order  terms  in  are  contained  in  the  factor  F,  where 
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The  dispersion  relation  above  describes  parametric  wave-coupling 

between  the  various  modes.  Tt  is  caused  by  an  electromagnetic  pump  wave, 

which  we  allow  to  be  strong,  as  expressed  by  keeping  terms  of  higher  order 

than  R“  .  For  the  weak  coupling  case,  we  may  take  either  e  or  e  *  0  in 
io  +  - 

which  cases  the  dispersion  relation  reduces  considerably.  The  factor  F 


may  then  (as  B  is  small)  be  approximated  by  unity. 

1  o 

The  limit  of  our  dispersion  relation  in  the  absence  of  molecules  has 
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been  discussed  by  previous  authors,  e.g.\  for  f ree-electron  lasers 

(a  =0),  as  well  as  for  finite  frequency  pump  waves.  The  presence  of 
o 

molecules  has  been  considered  recently^*^  for  the  case  where  u>  “0,  i.e. 

o 

for  a  static  pump  field,  and  assuming  weak  coupling.  The  present  work 
thus  extends  the  possibilities  of  application  to  strong  wave  Interactions 
in  relativistic  plasmas,  considering,  within  a  Lorentz  model  description, 
plasma  field  couplings  to  the  internal  structure  of  the  molecules.  The 
molecular  medium  may  have  an  Inverted  population  of  the  energy  levels  and 
acts  thus  as  a  maser  or  laser,  which  in  our  study  Is  dynamically  coupled 
to  the  electron  beam.  The  pump  field  mav  be  a  static  or  time  varying 
laboratory  wiggler  field,  or  simply  a  strong  wave,  sucb  as  those  which  may 
exist  in  astrophvsical  situations,  e.g.  in  pulsar  atmospheres,  or  In 
laboratory  experiments  concerning  stimulated  microwave  scattering  by 
electron  beams.'’  The  presence  of  such  a  pump  field  may  cause  coupling  of 
wave  energy  between  the  longitudinal  collective  waves  on  the  relativistic 
electron  beam  and  the  transverse  radiation  modes.  The  tunability  of  the 
frequency  of  a  transverse  beam  mode  by  the  velocity  of  the  electron  beam 
may  enable  us  to  make  its  Frequency  coincide  with  molecular  resonances. 

The  beam,  operating  as  a  f ree-electron  laser,  may  alternatively  be  used  to 
pump  the  molecular  medium  at  particular  frequencies,  or  it  may  interact 
with  the  medium  to  cause  an  enhanced  stimulated  radiation,  by  contributing 
to  the  radiation  process  its  own  free  energy. 

We  believe  that  our  analysis,  although  not  at  this  stage  specified  to 
particular  choices  of  parameters,  offers  new  possibilities  and  is  a 
necessarv  prerequisite  for  further  developments  in  certain  areas  of 
astrophysics  as  well  as  in  laboratory  experiments  concerning  generation  of 


coherent  radiation 
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